It is now established that entanglement in the sense of local non-factorizability of two or more degrees of freedom of a system occurs in classical polarization optics. We extend the idea to weak gravitational waves which are strikingly similar to optical waves. It is shown that a linearized classical gravity wave can in principle get entangled in the sense mentioned with the vibrational modes of an array of test masses in a plane perpendicular to its direction of propagation. A Bell-CHSH inequality based on the requirement of noncontextuality for classical realism is derived, and it is shown that the putative nonfactorizable state violates this inequality. The idea is therefore empirically falsifiable.
Introduction
It is fairly well established by now that entanglement in the sense of local nonfactorizability of two or more degrees of freedom occurs in classical polarization optics [1] [2] [3] [4] [5] . Entanglement in this sense depends only on the physical existence of orthogonal Hilbert spaces, such as the polarization and propagation modes of light. Entanglement per se is not exclusive to quantum mechanics.
In fact, the Schmidt decomposition theorem on which bipartite entanglement is based is pre-quantum mechanical [6] . This idea of entanglement can be extended to weak gravitational wave physics which has a striking similarity to classical polarization optics. In fact, the only difference is in the structure of polarization. Hence entanglement can, in principle, occur between the polarization modes of the gravitational wave and the vibrational modes of an array of masses which span orthogonal Hilbert spaces, and are therefore subject to the Schmidt theorem. The purpose of the paper is to point to such a possibility at LIGO, and propose how to test if it really occurs. Section 2 gives a quick summary of gravitational wave physics relevant for our purpose. In Section 3 we show how the putative entanglement can occur at LIGO. In Section 4 we deduce a Bell-CHSH type inequality based on classical realism and noncontextuality, and show that the entangled state violates this inequality.
Introduction: Gravitational Waves and Polarization
For weak gravitational fields Einstein's equation
can be linearized by writing the metric in the form
where µν η is the flat Minkowski metric and 1 h µν  is a small perturbation.
To the lowest order in the perturbation the vacuum equation 0 R µν = is then of the linearized form [7] [8] [9] 0 h µν
where
This equation can be written in the form It will be convenient for our purpose to write the above solution in the form The inner product of two matrices A and B is defined by the Frobenius prod-
Hence, we have 1, 0 ε ε ε ε ε ε ε ε
Entanglement and Classical Gravity
According to the Equivalence Principle the effects of gravity can be transformed away in a local enough region that tidal effects can be ignored. Therefore, the ef- The recent detection of gravitational waves may therefore be signalling entanglement in classical gravitational physics. We now propose a possible way of testing this hypothesis.
Contextuality in Classical Gravity: A Bell-CHSH Test
Let us consider a LIGO set up with the two arms of the laser interferometer in the xy plane, and a gravitational wave incident on it along the z direction. As we have seen from Equation (9) 
where ( ) xy + and ( ) xy × denote the two oscillation modes of the arms of the interferometer.
To derive a Bell-CHSH inequality based on noncontextuality, let us first consider an arbitrary general state ( ) 
where , , , α β γ δ are arbitrary parameters. Next, let us define the correlation
where H is an arbitrary normalized state of the apparatus + gravity, and This may, at first sight, look obvious and trivial, but on closer inspection, one finds that it implies the inequality ( ) 1 , 1
for the correlation. Now, define a quantity S as ( ) . Since the distance and polarization changes occur in the same path, there is no violation of locality in this result. It is hoped that these predictions can one day be verified at facilities like LIGO.
Since we have used purely classical physics throughout, it is clear that entanglement and contextuality which are widely regarded as exclusively quantum mechanical, occur in classical gravity too.
